Two field experiments were carried out in the Experimental and Research unit, Faculty of Agriculture, Mansoura University in the two winter seasons of 2015 and 2016 to study the impact of foliar application by ascorbic acid (i.e. without, 150 and 300 ppm) under four nitrogen fertilization sources (ammonium nitrate, ammonium sulphate, calcium nitrate and urea) on growth and yield of spinach plants (cv. Dash). The results indicated that vegetative growth attributes (Plant height, plant fresh weight, leaves fresh weight, leaves number and leaves area) per plant, leaves chemical composition (N, P, K, chlorophyll a, chlorophyll b and carotenoids), yield and its chemical quality (blades and petioles fresh weight, dry matter % and NO 3 content), Vit. C, TSS, fertilizer use efficiency, hill weight and yield per fed.) were affected significantly by nitrogen form. Urea recorded the highest values of the previous parameters except NO 3 content to blades and petioles. As for the effect ascorbic acid, the data show that the mentioned attributes were increased compared to the control. The interaction between nitrogen form and ascorbic acid showed that urea form combined with 300 ppm ascorbic acid recorded the highest values for most effective previous characters and the lowest values for NO 3 content to blades and petioles.
INTRODUCTION
Spinach (Spinacia oleracea L.) which belongs to family Chenopodiacea is a popular leafy vegetable crops which are an important element of human diet and considered as excellent nutritive source of mineral and vitamins and they have not much calories (Rabie et al., 2014) .
Spinach yield and quality are affected with many factors such as water deficit, environmental conditions, diseases, salinity, flooding, chemical toxicity, nutrients, ultraviolet radiation, and antioxidants (Wang et al., 2009) .
Nitrogen (N) is one of the major nutrients that have many important roles as a basic element of nucleic acids, protein, growth hormones, chlorophyll and physiological process. Improved N management can be achieved by matching N supply with crop needs, using the optimum dose, selecting appropriate N forms, and improved timing of fertilizer application. Usually plants are able to take up N as nitrogen from soils in inorganic ions ammonium (NH 4 + ), nitrate (NO 3 -) and organic forms mainly amino acids, but some may prefer one source or another depending on plant species (Kaymak,H.C., 2013) . The most predominant N forms in commercial fertilizers in Egypt are ammonium nitrate, ammonium sulphate, calcium nitrate and urea. Several researchers studied the impact of N levels on various vegetable crops but no or little investigations had studied the effect of different N sources on growth and yield characters of spinach plants. The response of spinach plants to N sources varies where the highest increment of plant height, leaves numbers, leaves fresh and dry weights) and total yield was achieved in case of ammonium nitrate (Rabie, et al. 2014) . Also, Alderfasi et al., (2015) reported that, both forms of N application in mixtures by the ratio of 50 % / 50 % nitrate/ ammonium recorded the maximum values of fresh weight and leaf area of spinach. In addition, Wang et al. (2009) mentioned that, the spinach biomass was decreased when the NH 4 + / NO 3 -ratio was more than 50:50 in nutrient solution. The highest biomass registered by using NO 3 --N as its sole nitrogen source, on contrast, there was no significantly difference in dry matter weight between 0:100 and 25: 75 of NH 4 + / NO 3 -ratio. Moreover, Ghoname et al. (2009) mentioned that the maximum fruit yield of hot pepper was achieved in case of ammonium nitrate. On contrast, difference results were obtained by (Mirdad, 2009; Mirdad, 2011 and Kaymak, 2013) on spinach, Parsley and Purslane, respectively, they found that the highest yield was achieved by using urea fertilization. On the other hand, the highest yield for tomato fruits was recorded with application of the ammonium sulfate (Fouda, 2017) . Foliar spray applications with bio-stimulant products such as essential macro-and micronutrients, citrates, humates, amino acids and vitamins such as ascorbic acid are becoming more common for improving quantity and quality of production. Vitamins are compounds that are needs in relatively small quantities but that cannot be synthesized in amounts large enough to meet the normal required of the organism. Vitamins natural and safety bio-regulator compounds which at low concentrations influences upon many physiological processes. Ascorbic acid is one of the more important water soluble antioxidants in plants.
Ascorbic acid has beneficial effects on scavenging generation of reactive oxygen species (ROS) which produced during respiration and photosynthesis processes. Ascorbic acid (AsA) improves protection against the harmful worst impacts of light during photosynthesis by carbon dioxide conversion into plant matter (Pastori, et al., 2003) . In addition, it enhances cell division, cell wall expansion, many other essential enzymatic and non-enzymatic reactions and regulating plant growth and development. Moreover, endogenous AsA has recently been suggested to be basic in the regulation of developmental senescence and plant defense against pathogens. Also, it is very essential for the regulation of flowering, photosynthesis and senescence (Dolatabadian et al., 2010) .
Many investigates studied the effect of ascorbic acid on growth and yield of crops. El-Hifny and ElSayed (2011) reported that AsA at (400 mg/L) recorded the highest values of growth attributes and total yield of sweet pepper plant. In the same respect, Taha et al. (2011) mentioned that foliar application of AsA led to increasing lettuce plant fresh and dry weight. Also, Esfahlan et al. (2013) studied the foliar application of ascorbic acid (0, 10, and 20 mM) on purslane plant, the results indicate that increase in ascorbic acid concentrations improved vegetative growth and yield characters. Shabana et al. (2015) found that, improving plant growth parameters, fruit setting, fruit quality and total yield of sweet pepper was done by using of individual seaweeds extract, salicylic acid, vitamin E or AsA and their mixed.
Therefore the aim of the present study was to evaluate the response of spinach plants to foliar application by ascorbic acid under different sources of nitrogen fertilization
MATERIALS AND METHODS
Two field experiments were carried out in the Experimental and Research unit, Faculty of Agriculture, Mansoura University in the two winter seasons of 2015 and 2016 to study the impact of foliar application by ascorbic acid (without, 150 and 300 ppm) under four nitrogen fertilization sources (ammonium nitrate, ammonium sulphate, calcium nitrate and urea) on growth and yield of spinach plants (cv. Dash) using surface irrigation system. Soil samples from the top layer (0-30 cm depth) were collected randomly for physical and chemical analysis before planting (Table  1) . Foliar application with ascorbic acid include three levels (without, 150 and 300 ppm) were add two times at 21 and 35 day after sowing by using 200 l/fed. at the 1st and and 300 l/fed at the 2nd as spray solution volume. Ascorbic acid was obtained from (AlGomhoreya Co. for Chemical Industries, Mansoura, Egypt).
All treatments received 30 kg P 2 O 5 and 25 kg K 2 O kg/ fed. as mono calcium super phosphate (15.5 % P 2 O 5 ), and potassium sulfate (50 % K 2 O), respectively. Mono calcium super phosphate was added during preparation of the soil and potassium sulphate was added at one dose on the first irrigation time.
Experimental design:
A complete randomized blocks design with three replicates was used in a split plots experiment. Treatments of sources of nitrogen fertilization were designation in the main plots, while foliar applications with ascorbic acid were assigned in the sub plots.
Measurements:
Six plants were chosen at random from each sub plot at 60 days after sowing to determine the following parameters for the two seasons.
1-Vegetative growth attributes:
Plant height, plant fresh weight, leaves fresh weight, leaves number and leaves area) per plant.
-Leaves chemical composition:
N, P and K percent, chlorophyll a, b, carotenoids content were analysed according to AOAC (1990) .
-Yield and its chemical quality:
Blades and petioles (fresh weight, dry matter % and NO 3 content), Vit. C, TSS were calculated according to (AOAC, 1990) , fertilizer use efficiency (yield ton per fed. /nitrogen units), hill weight and yield per fed (plants weight of hill x number of hills per fed.) were also recorded.
Statistical analysis:
All data were statistically analyzed using the analysis of variance according to Snedecor and Cochran (1980) . Least significant difference (LSD) at the probability of 5 % was used due to the procedure reported by Gomez and Gomez (1984) .
RESULTS AND DISCUSSION

1-Vegetative growth attributes:
Data presented in Table 2 indicated that vegetative growth criteria (plant height, plant fresh weight, leaves fresh weight, leaves number and leaves area per plant) were significantly affected by of nitrogen forms treatments. It could be noticed that the highest values of previous parameters were achieved in case of urea treatment followed by calcium nitrate and the reverse was true in case of ammonium nitrate treatments in the two seasons.
These results may be urea form resulted in that enhanced macro and micro nutrient uptake (zinc, manganese and copper in shoots and similar trend was observed in roots), increasing of stomatal conductance and transpiration rate (Sabir et al., 2013) . Ammonium nutrition stimulates build-up of high levels of polyamines which act as precursors of secondary metabolites biosynthesis (Chen et al. 2011) . Urea nitrogen enters the plant either directly, or in the form of ammonium or nitrate after urea degradation by urease enzyme resulted in producing ammonium. Ammonium carries a positive charge which decrease the loss by leaching and vice versa to nitrate. NH4+-N assimilation requires less energy than that of NO 3 --N, it is usually expected to be preferred by plants (Mirdad, 2009 As for the effect of spraying foliar application with ascorbic acid (AsA), results in Table 2 show that the attributes mentioned previously were significantly affected by application of AsA. The maximum values of these characters were achieved by application of AsA at 300 ppm in the two seasons. On contrast, the minimum values were observed by using without AsA treatment. This improvement in vegetative growth parameters could be due to exogenously application of AsA reducing or prevent the high activity of ROS. In addition, it enhances cell division, cell wall expansion, many other essential enzymatic and non-enzymatic reactions, regulating plant growth and development, Moreover, endogenous AsA has recently been suggested to be basic in the regulation of developmental senescence and plant defense against pathogens. Also, it is very essential for the regulation of flowering, photosynthesis and senescence and results in increasing in gibberellins and cytokinins.
These results are confirmed with the results obtained by Taha et al. (2011) on lettuce and Esfahlan et al. (2013) on purslane.
The interaction between Sources of nitrogen fertilization and spraying ascorbic acid showed that spinach plants which fertilized with urea and foliar sprayed by 300 ppm AsA were gave rise to the maximum values of all previous parameters. The minimum values were noticed with ammonium nitrate and without AsA in both seasons. These results were in harmony with those obtained by Mirdad (2009) on spinach; Shabana et al. (2015) on sweet pepper.
2-Leaves chemical composition parameters:
Results in Table 3 demonstrate that N, P, K, chlorophyll a, chlorophyll b and carotenoids content significantly affected by nitrogen forms. The urea form recorded the highest values of the N, P and K parameters followed by Ammonium sulphate. On contrast, the lowest values were recorded by calcium nitrate in the both seasons. On the other hand, chlorophyll a, chlorophyll b and carotenoids gave the maximum values by urea form followed by calcium nitrate, on contrary, the minimum values were recorded with ammonium nitrate.
These results may be urea form resulted in that enhanced macro and micro nutrient uptake (zinc, manganese and copper in shoots and similar trend was observed in roots), increasing of stomatal conductance and transpiration rate (Sabir et al., 2013) . Ammonium nutrition stimulates build-up of high levels of polyamines which act as precursors of secondary metabolites biosynthesis (Chen et al. 2011) . Urea nitrogen enters the plant either directly, or in the form of ammonium or nitrate after urea degradation by urease enzyme resulted in producing ammonium. Ammonium carries a positive charge which decreases the loss by leaching and vice versa to nitrate. NH4 + -N assimilation requires less energy than that of NO 3 --N, it is usually expected to be preferred by plants (Mirdad, 2009 ) which lead to uptake higher amounts of nutrient such as N which are essential for chlorophyll pigments synthesis. Similar results were obtained by Sabir et al. (2013) on maize and Alderfasi et al. (2015) on spinach. On contrary, Fouda (2017) on tomato found that the maximum N.P.K and chlorophyll pigments content were recorded with ammonium sulphate form.
Data in Table 3 indicate that mentioned attributes were significantly increased in the two seasons by increasing AsA level. The high level of ascorbic acid 300 ppm registered the biggest values followed by 200 ppm. On contrary, minimum values of previous attributes were recorded by using the control of AsA in both seasons. These results may be due to exogenously application of AsA reducing or prevent the high activity of ROS. In addition, it is enhances cell division, cell wall expansion, many other important enzymatic, nonenzymatic reactions, increases gibberellins and cytokinins formation, ion uptake and membrane permeability. Also, AsA probably prevents chlorophyll oxidase enzymes therefore it will be inhibiting chlorophyll breakdown which cause increasing in photosynthesis. These results were conformity with those reported by El-Hifny and El-Sayed (2011) on sweet pepper Ismail et al. (2014) on Bitter lupine.
As for the interaction between sources of nitrogen fertilization and spraying ascorbic acid, data in Table 3 clear that the interaction combinations treatments significantly affected the previous criteria, the greater values of N, P and K parameters were obtained by using urea form combine with 300 ppm of AsA, but, the smallest values were observed with calcium nitrate and without AsA in both seasons. On the other hand, chlorophyll a, chlorophyll b and carotenoids gave the maximum values by urea form with 300 ppm of AsA. On contrary, the minimum values were recorded with ammonium nitrate combined with without AsA. Mirdad (2011) on parsley, Alderfasi et al. (2015) on spinach were found similar results. 
3-Yield and its chemical quality:
Obtained data of Table 4 revealed that fresh weight, dry matter % and NO3 content of blades and petioles of spinach leaves were affected significantly by nitrogen form. It is clear from the data that application of urea form gave the best results for the greater of fresh weight and dry matter % of blades and petioles of spinach leaves. And vice versa by using ammonium nitrate form. On other hand, It could be noticed that the lowest nitrate values were achieved in case of urea treatment and the reverse was true in case of ammonium nitrate form treatments in both blades and petioles of spinach leaves.
Such increases in case of urea form resulted in that enhanced macro and micro nutrient uptake (zinc, manganese and copper in shoots and similar trend was observed in roots), increasing of stomatal conductance and transpiration rate (Sabir et al., 2013) . Ammonium nutrition stimulates build-up of high levels of polyamines which act as precursors of secondary metabolites biosynthesis (Chen et al. 2011) . Urea nitrogen enters the plant either directly, or in the form of ammonium or nitrate after urea degradation by urease enzyme resulted in producing ammonium. Ammonium carries a positive charge which decrease the loss by leaching and vice versa to nitrate. NH4+-N assimilation requires less energy than that of NO 3 --N, it is usually expected to be preferred by plants (Mirdad, 2009 ). In addition, imbalance between nitrate absorption and reduction by nitrate reductase enzyme in plants caused nitrate accumulation in both blades and petioles of spinach leaves and when nitrate answer the supply in soil, plants usually absorb much more nitrate than they can reduce (Wang et al., 2008) . Nitrogen as 60 units in this study may be the optimum dose which leads to scarcity of nitrate accumulation.
These results are in agreement with the findings of Mirdad (2009) and Alderfasi et al. (2015) on spinach. On the other hand, Rabie et al. (2014) reported that the maximum leaves fresh weight and the minimum of nitrate content were registered with ammonium nitrate form on spinach.
As for effect of ascorbic acid, data shown in Table 4 indicated that the influence of the higher level of ascorbic acid gave the maximum values of the previous parameters except NO 3 content in both blades and petioles of spinach leaves in both seasons. On contrary, the minimum values of these parameters were observed with without ascorbic acid in the two seasons except NO 3 content in both blades and petioles of spinach leaves in the two seasons. This may be attributed to exogenously application of AsA reducing oxygen free radicals or prevent the high activity of ROS. In addition, it is enhances cell division, cell wall expansion, many other important enzymatic, nonenzymatic reactions, increases gibberellins and cytokinins formation, ion uptake and membrane permeability. Also, AsA probably prevents chlorophyll oxidase enzymes therefore it will be inhibiting chlorophyll breakdown which cause increasing in photosynthesis. Taha et al. (2011) on lettuce and Shabana et al. (2015) on sweet pepper confirmed these results.
Respect to the interaction between nitrogen form and spraying ascorbic acid, the results showed that the combination consists of urea form and 300 ppm of AsA gave the highest values of all mentioned characteristics except NO 3 content. On contrary, the lowest values were recorded in case of ammonium nitrate form treatments and without AsA except NO 3 content in both blades and petioles of spinach leaves in the two seasons. These results were in accordance with those reported by Mirdad (2011) Tables 5 illustrate that Vit. C, TSS, fertilizer use efficiency, hill weight and yield per fed. were affected significantly by nitrogen form. The urea form gave the highest values of the mentioned attributes followed by calcium nitrate. On the contrast, the lowest values were observed by using ammonium nitrate in both seasons.
4-Yield and its chemical quality Data presented in
These results may be attributed to urea form resulted in that enhanced macro and micro nutrient uptake (zinc, manganese and copper in shoots and similar trend was observed in roots), increasing of stomatal conductance and transpiration rate (Sabir et al., 2013) . Ammonium nutrition stimulates build-up of high levels of polyamines which act as precursors of secondary metabolites biosynthesis (Chen et al. 2011) . Urea nitrogen enters the plant either directly, or in the form of ammonium or nitrate after urea degradation by urease enzyme resulted in producing ammonium. Ammonium carries a positive charge which decreases the loss by leaching and vice versa to nitrate. NH 4 + -N assimilation requires less energy than that of NO 3 --N, it is usually expected to be preferred by plants (Mirdad, 2009 ) which lead to uptake higher amounts of nutrient such as N which are essential for chlorophyll pigments synthesis. which reflected positively to increases of leaves area and leaves fresh weight (Table 2 and Spraying of ascorbic acid on spinach plants are indicated in Tables 5. Data revealed that, the mentioned criteria were increased compared to the control. The biggest values of these attributes were noticed with ascorbic acid at 300 ppm, in both seasons. On contrast, the smallest amounts of previous parameters values were registered by application of without acorbic acid treatment in the two seasons. This improvement in the yield and its component of spinach may be attributed to exogenously application of AsA reducing or prevent the high activity of ROS. In addition, its enhancement cells division, cell wall expansion, many other important enzymatic, non-enzymatic reactions, increases gibberellins and cytokinins formation, ion uptake and membrane permeability. Also, AsA probably prevents chlorophyll oxidase enzymes therefore it will be inhibiting chlorophyll breakdown which cause increasing in photosynthesis, leaves area and leaves number (Table 2 and 3) which leads to an increasing in yield and quality. These finding are similar to those obtained by Esfahlan et al. (2013) on purslane and Ismail et al. (2014) on bitter lupine.
Results in Table 5 shows that, the interaction was significant in the two seasons, the maximum values of previous parameters were registered with combination consist urea form and 300 ppm of ascorbic acid. On contrary, the minimum values were noticed with ammonium nitrate form and without ascorbic acid in both seasons. Similar findings were recorded by Mirdad (2011) on parsley; Alderfasi et al. (2015) on spinach and Shabana et al. (2015) on sweet pepper 
CONCLUSION
Under similar conditions of this study it can be concluded that; the foliar application of ascorbic acid at 300 ppm and soil addition of urea as form of Nfertilization is considered to be the most effective treatment for improve vegetative growth and recorded the highest safe yield quality of spinach plant.
